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ABSTRACT

The aim of this study was to investigate the anatomical characteristics of Quercus mongolica infested by oak wilt
disease. To analysis the anatomical characteristics of the wood specimens infested by the oak wilt, the anatomical
structures of an infected wood, a dead wood, and sound wood were observed at 10-year-old intervals from 10 to 50
annual rings using both an optical and a scanning electron microscope. The fiber length was measured in units of
5 annual rings from the pith, and the diameter of the vessel element and the ratio of the vessel including the tyloses
were measured for each 10 annual ring. In the cross section, on the infected and dead wood specimens, mycelium
was also observed with the tyloses in the vessel. There was no signification difference between the wood specimens
in the fiber length and the vessel diameter of the vessel element. The fiber length was not difference after 20-30 annual
rings which is a part of juvenile wood. The average of the vessel ratio including tyloses in the infected wood was
the highest. Especially, the ratio of tyloses was the highest 40-50 annual rings in the infected wood and the dead
wood. Therefore, the large difference between the infested wood by oak wilt and the sound wood was the ratio of
tyloses. This result can be used as a basic data to utilize the infested wood.
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1. INTRODUCTION

A total of 63.2% of Korea’s land is covered with
forests, of which 32% are deciduous forests (Korea
Forest Service, 2016). Oak trees, the dominant species
with broad leaves, account for 25% of the deciduous
forests. Representative tree species of oaks include

Quercus mongolica, Q. dentata, Q. acutissima, Q. var-

iabilis, Q. aliena, Q. serrata they are trees of econom-
ic value that have been widely used since ancient
times to obtain forestry products (mushrooms) and
make musical instruments, fuel materials, oak barrels.
However, the damage to oak trees is increasing due
to recent changes in climate, new types of diseases,
and insect pests.

The first reported case of oak wilt disease to cause
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the sudden death of oak trees in Korea was published
in Seongnam, Gyeonggi-do in 2004 (Son et al., 2014).
Thereafter, 268,000 trees died due to oak wilt disease
in 2012 and 309,000 trees died in 2013, showing an
increase of 41,000 trees. Raffaelea quercus-mongol-
icae, the pathogen that causes oak wilt disease, in-
filtrates into the sapwood area of oak trees via the in-
sect vector Platypus koryoensis. The infiltrating patho-
gens multiply and prevent the movement of water,
causing the oak trees to desiccate to death (Kim et
al., 2009; Kang and Shin, 2017). Furthermore, this dis-
ease is primarily found in Q. mongolica, Q. aliena,
and Q. serrata and it is also known to often damage
other oaks, such as Q. acutissima, Q.variabilis, and
Q. dentata (Kim et al., 2016).

The damage caused by oak wilt disease is also oc-
curring at a serious rate in Japan, and it has been re-
ported that a large number of oak trees were killed
by the insect vector P. quercivorus and pathogen R.
quercivora (Kubono and Ito, 2002).

Diverse studies have been conducted on oak wood,
including those on anatomical, physical, mechanical,
and chemical properties (Kim ez al., 2006; Han et al.,
2015; Kim et al., 2015; Chang et al., 2017; Jeong et
al., 2017). On the other hand, studies on trees dam-
aged by oak wilt disease are somewhat limited to pest

control, physical, and mechanical characteristics (Kim

Infested wood

Dead wood

et al., 2011; Son et al., 2014; Kim et al, 2016; Kim
et al., 2020). Although there are studies on trees in-
fected with oak wilt disease, basic anatomical data that
can facilitate the utilization of the damaged tree is
insufficient. Therefore, in this study, the anatomical
characteristics of damaged Q.mongolica (infected and
dead) trees were compared with those of sound trees
and analyzed to obtain basic data for the utilization

of trees damaged by oak wilt disease.

2. MATERIALS and METHODS

2.1. Materials

To observe the anatomical characteristics of the
trees affected by oak wilt disease, two Q. mongolica
trees (one infected and one dead) were selected, which
were confirmed to be damaged by oak wilt disease
among the oak trees that grow wild in Dongtan-dong,
Hwaseong-si. To compare the anatomical character-
istics of infected and dead oak trees with those of
sound trees, one sound tree was selected from
Chuncheon-si, Gangwon-do. For the experiment, a
3-cm-thick disk was produced immediately after har-
vesting (Fig. 1), and the chracteristics of tree age, tree
ring width, and latedwood proportion are shown in
Table 1.

Sound wood

Fig. 1. Disk from infested and dead trees by oak wilt disease, and from a sound tree.
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Table 1. Basic information of infested and dead woods by oak wilt disease, and from a sound wood

Infested wood Dead wood Sound wood
Tree age (year) 59 55 58
Tree ring width (mm) 20 = 1.2 2.0 £ 0.7 29 £ 0.8
Latewood proportion (%) 66.3 + 20.6 69.2 + 16.2 79.8 £ 7.8
2.2. Methods and acetic acid in a ratio of 1:1. They were washed

2.2.1. Optical microscope and scanning
electron microscope observation

The anatomical characteristics of the affected trees
were observed using optical and scanning electron mi-
croscopes, and the degree of morphological infection
was measured. Samples for optical microscopy were
prepared by sectioning dead, infected, and sound wood
from the pith to the bark at intervals of 10 annual
rings. Subsequently, a slice with a thickness of ap-
proximately 1520 um was prepared using a sliding
microtome. The prepared slices were stained with 1%
safranine solution and dehydrated with an alcohol sol-
utions (50%, 70%, 90%, 95%, and 99%). Permanent
slides were then prepared and observed using an opti-
cal microscope (Carl Zeiss, DE/Axio Imager Al,
Germany).

For the observation with a scanning electron micro-
scope, clean cross-sectional samples were prepared
with a microtome at 10-annual rings intervals.The pre-
pared samples were coated with gold and then ob-
served using a scanning electron microscope (SEMCOX
EM-30, COXEM, 20kV).

2.2.2. Measurement of wood fiber length,
diameter of vessel elements, and ratio
of tylosis

To measure the length of wood fiber, a sliver of
approximately 1 cm in length was prepared by separa-
tingthe earlywood and latewood, from the pith of the
bark at 5-annual intervals, which were heated and dis-

sociated at 60°C in a mixture of hydrogen peroxide

with distilled water, dyed with methylene blue. The
length of wood fibers of 30 samples of each type of
wood were measured using the the DeltaPix (version
5.3.11) program, which were chosen from the annual
rings of both earlywood and latewood.

Diameters of vessel elements were measured by de-
termining tangential and radial diameters of each sam-
ple (n = 30). The tangential and radial diameters were
measured by categorizing earlywood and latewood us-
ing the annual rings on a cross section at 50x magnifi-
cation using the prepared permanent slides. The ratio
of vessels with tylosis was calculating by estimating
the number of vessels with tylosis after measuring the
number of 30 vessels from each age group by dividing

the wood at 10 ring intervals from the pith to the bark.

3. RESULTS and DISCUSSION

3.1. Anatomical characteristics of wood

3.1.1. Cross—sectional characteristics

Fig. 2 shows the cross section of each annual ring
of Q. mongolica infected with wilt disease, dead
wood, and sound wood imaged using an optical
microscope. The cross sections showed that the boun-
dary of the annual ring was distinct due to the porous
ring, and the vessels of the earlywood were large and
separated and those of the latewood were small and
patterned. In the infected, dead, and sound wood, ty-
losis was often observed in all (10"-50") annual rings
in the vessel, and tyloses in infected and dead wood

showed a tendency to appear more frequently than in
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10™ tree ring
from the pith

20™ tree ring
from the pith

30" tree ring
from the pith

40" tree ring
from the pith

50™ tree ring
from the pith

Infested wood

Sound wood

Dead wood

Fig. 2. Optical micrographs on the cross sections of infested, dead, and sound woods by annual rings.

Arrow : tylosis in vessel

sound woodin the 40™ and 50" annual rings. In the
10"-30" annual rings of infected, dead, and sound
wood, the average ratio of tyloses were 43.3%, 33.3%,
and 21.1%, respectively, and the average rates of ty-
loses in the 40"-50" annual rings were 78.4%, 70%,
and 11.7% (Fig. 6), respectively. The results of this
experiment showed trends that were consistent with
optical microscope results.

Observing the cross sections using the scanning

electron micrsope showed that the lumen of the vessel
from the 30™ and 50" rings of the infected and dead
wood had mycelium (Fig. 3). Tylosis, a characteristic
of oak trees, is known to block the vessel because the
flow parenchyma cells adjacent to the vessel become
evaginated due to an injury, while the cells are aging
and transitioning into heartwood (Kwon and Kim,
2005; De Micco et al., 2017). Kuroda (2001) observed

the characteristics of sapwood in the area infected with

- 810 -



Comparison of Anatomical Characteristics for Wood Damaged by Oak Wilt and Sound Wood from Quercus mongolica

Infested wood

Dead wood

Fig. 3. SEM images on cross section of infested, dead, and sound woods by annual rings.
30 : 30th tree ring from the pith, 50 : 50th tree ring from the pith

Red circle :

oak wilt disease and found that the distribution of
Raffaella sp. and area of discolored sapwood matched,
and the function of the vessel was lost. Martineb et
al. (2005) reported that mycelium was observed in the
vesselin wood damaged by the pathogen. Therefore,
it is believed that the oak wilt disease pathogen mainly
penetrates the annual ring of the 30" or 40™ sapwood
portion from the bark of the tree to block the vessel

and prevent the transportation of water.

3.1.2. Length of wood fiber
Table 2 shows the length of wood fibers of Q. mon-

tylosis bud, White arrow : mycelium

golica infected, dead, and sound wood, separated into
earlywood and latewood. The average length of wood
fibers in earlywood was 1.20 mm and 1.24 mm in the
infected and dead wood respectively, and it was slight-
ly longer in sound wood (1.30 mm). Furthermore, the
average length of wood fiber in the latewood was sim-
ilar to that of the infected and dead wood (1.28 and
1.31 mm, respectively), and was slightly longer in
sound wood (1.36 mm). In all of the infected, dead,
and sound wood, wood fiber length tended to increase
with increasing annual rings in both earlywood and

latewood, and it was found to stabilize in the 20th—

- 811 -



Table 2. Fiber length and vessel dimension of infested, dead, and sound woods

Woo-Seok JEON - Hyun-Mi LEE - Ji-Hyun PARK

Fiber length (mm)

Vessel element diameter

Ratio of vessel with tylosis

(¢m) (%)
Mean
Mean Mean
TD RD
EW 1.20 £ 0.16 2494 + 294 299.6 + 37.5 57.3
Infested wood
LW 1.28 + 0.16 30.1 + 4.9 38.5 £ 6.1 -
EW 1.24 + 0.19 238.4 + 24.6 286.6 = 42.0 48
Dead wood
LW 1.31 £ 0.16 30.5 £ 5.3 37.8 £ 6.0 -
EW 1.30 £ 0.17 241.6 + 292 278.8 + 39.8 17.3
Sound wood
LW 1.36 £ 0.16 277 £ 4.5 353 £ 54 -

EW : Earlywood,

LW : Latewood,

TD : Tangential direction, RD : Radial direction
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Fig. 4. Fiber length of infested, dead, and sound woods by annual rings.
(A) : Earlywood, (B) Latewood

30th annual rings (Fig. 4). When dividing juvenile
wood and mature wood according to the variation of
the length of wood fibers, it is believed to be approx-
imately 20-30 annual rings. The wood fiber length of
the tested earlywood had an average of 1.17 mm of
juvenile wood and 1.31 mm of mature wood from the
25™ annual ring, whereas the fiber length of the tested
latewood had an average of 1.22 mm for juvenile
wood and 1.39 mm for mature wood. Eom (2015) re-
ported that the average length of wood fibers in
Korean Q.mongolica was 981.4 pm (range 733—
1,323um), which was similar to the results of this
study. Meanwhile, the average length of wood fibers

in Q. acutissima, Q. dealbata, Q. fenestrata, Q. lan-

ceofolia, and Q. semiserrata were 1,199.36 pum,
1,439.37 pm, 1,479.38 pm, 1,509.75 pm, and 1,389.0
um (Sharma et al, 2011), respectively. The length of
wood fiber of Q. Suber was reported to be 1.15 mm
(Sousa et al, 2009), and there was no significant dif-
ference from the length of wood fiber in this study.
The IAWA Committee (1989) classified the wood fi-
ber length of hardwood into < 900 um, 900-1,600 pm,
> 1,600 um, and the wood fiber length in this study
corresponds to 900-1,600 pm.

3.1.3 Vessel element diameter and tylosis ratio
Table 2 shows the results measured by dividing the

diameter of vessel elements and ratio of tylosis of in-
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fected, dead, and sound wood of oak trees into early-
wood and latewood. The average tangential diameter
of the vesselelement of earlywood was the smallest
(234.4 pm) in the dead wood, the largest was 249.4
um in the infected wood, the smallest radial diameter
was 278.8 um in the sound wood, and the largest was
299.6 um in the infected wood. The average tangential
diameter of the vessel element of latewood was the
smallest in the sound wood at 27.7 pum and that of
the dead wood was the largest at 30.5 um; the aver-
age radial diameter was the smallest in the sound
wood (35.3 um) and that of the infected tree was the
largest (38.5 um). The radial diameters of the vesse-
lelement in earlywood and latewood was larger than
the tangential diameters. The tangential diameter of
vessel elements for each annual ring of earlywood, la-

tewood, and radial diameters was the smallest value
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in 10 annual rings of all of the infected, dead, and
sound wood, and the diameter tended to increase as
the number of rings increased (Fig. 5). Eom (2015)
reported that the average diameter of the tangential
line of the vessel element of domestic Q. mongolica
is 224.0 pm (range = 163-286 pum), and Kim et al.
(2002) reported that in sapwood of Korean Q. mongol-
ica, the tangential diameters of vessel of earlywood
and latewood were 2452 pm and 34.0 pm, re-
spectively, which were similar to the results of this
study. Furthermore, in studies of Quercus spp., Sousa
et al, (2009) reported that the tangential diameter of
the vessel element of Q. suber was 133 um, and Han
et al. (2015) reported that the tangential diameters of
the vessel elements of Q. rubra were 122 um and 118
um, respectively. The above results were smaller than

the diametersof earlywood and latewood of the vessel
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Fig. 5. Vessel element diameter of infested, dead, and sound woods by annual rings.

(ET) : Earlywood - Tangential direction, (ER) : Earlywood - Radial direction
(LT) : Latewood - Tangential direction, (LR) : Latewood — Radial direction
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Fig. 6. Vessel element diameter of infested, dead, and
sound woods by annual rings.

IW : Infested wood, DW : Dead wood, SW : Sound
wood

element in this study. The JAWA Committee (1989)
classified the vessel element tangential diameter as <
50pum, 50-100 pm, 100200 pm, and > 200 um, and
the vessel element tangential diameter in this study
was >200 pm. Regarding vesselelement diameter ac-
cording to tree age, Lee et al. (2009) reported that
both the tangential and radial diameters of vessel ele-
ments in Korean chestnut trees gradually increased
with increasing tree age, and Leal et al. (2007) inves-
tigated the radial variability of the Q. suber L. vessel
to report that the size of the vessel lumen increased
with tree age.

The average ratio of vessel of earlywood including
tylosis was the highest in infected wood at approx-
imately 57.3% and the lowest in sound wood at ap-
proximately 17.3%. Furthermore, there was a differ-
ence in the ratio of tylosis in the order of infected,
dead, and sound wood in the 10"-30" annual rings,
which are considered juvenile wood areas. In the in-
fected and dead woods, it was observed that the ratio
of tylosis increased in the 40" and 50™ annual rings,
which are mature wood (Fig. 6). Therefore, there was
a difference in the ratio of tylosis from the heartwood,

which is believed to be a difference in the ability to

generate tylosis between the sample trees, and it may

cause death or infection.

4. CONCLUSION

This study compared and analyzed the anatomical
characteristics of the damaged and dead wood affected
by oak wilt disease and those of sound wood in Korea.
Tylosis was frequently observed in the cross sections
of infected and dead woods along with mycelium, in-
dicating the degree of infection in the 30"-50" annual
rings. There was no significant difference in wood
fiber length and diameter of vessel elements among
the tested woods. The wood fiber length increased to
20-30 annual rings, which qualifies as juvenile wood,
and showed trends of future stabilization in the mature
wood area. Infected wood had the highest average ra-
tio of earlywood vessel including tyloses and sound
wood had the lowest. In addition, infected and dead
woods had the highest rate of tyloses in the 40"-50™
annual rings, which was judged to be mature wood.

Therefore, there was a confirmed difference in the
ratio of tylosis in the areas of juvenile and mature
wood in the oak wilt-damaged wood and sound wood
of Q. mongolica. 1t is considered that this difference
in the tylosis ratio blocks water movement, causing
the infection and death of the oak wilt diseased tree.
In the future, it is necessary to collect samples with
the exact times of infection and death to carefully ob-

serve the changes in the oak tissues.
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APPENDIX

(Korean Version)
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Z1o|thSon et al, 2014). ©]% 2012 ofl+= 268,000 0] HUFA|SSH o2 TARSIH o1, 2013 ofl+= 41,00080] Z7}3t
309,000E0] TASFATE FURAIESH S dov|= WU Raffaelea quercus-mongolicae’= 7|59 FEUEE
(Platypus koryoensis)oll S13) RLFE5 Aol FEap Ehtl, pRR7) Weh 22 ol AR Wedol WAahA
29| o]5E 7] wlio]oHKim ef al, 2009; Kang and Shin, 2017). 3} o] ¥ UF-R{ 5 A2V, 23y, ST
oA F2 ALY 1 ¢ AUy, FHUE, g4URdE £ 9as v Aog 4#A UthKim et al, 2016).

FUFA S5 98l QRoME Azt o2 WAE T 9l o, Wi7)F- P. quercivorus U Bt R. quercivora®]
o 1‘413‘%4 gz}l uAkskgltkal B askglt (Kubono and Ito, 2002).

HUEE Bajol] Do A9 A7 FAl a, 2ol ok W SaY 54 5 vl chrsielKim er al, 2006; Han er
al, 2015; Kim ef al, 2015; Chang et al, 2017; Jeong et al, 2017). HI, FUHA S mla)oe]| T3t A7al 7,
2a) 0 o5kx EA(Kim ef al, 2011; Son ef al., 2014; Kim ef a.l, 2016; Kim ef al., 2020) 508 t}a A& olc}. o]e}
2ol FRASEY DR B AP0 FUAUAY s B S AR 712 olel $E Aol

weld, B oA FIRASSY Tlajmel B8 Slet 7|2 Hlole] SE glslel AR TSI, TAB}

AHA ) ey B4 vla-EAsgt

2. M= By

2.1, %’—/\]xﬂﬂ
el 59| sfshy 5L WAty sl A FREolA AL e AURR 5 UHFAIEEHl
Q?l% A7 H/}-]{Quercus mongolica) 7+%E(infested tree) 123} 1A= (dead tree) 122 AWtslglon, AHE] &5a4
E43} vjuwsty] ffsf ZUE Aol - E(sound tree) 145 ALt FAAES HA A% 3em FAY L3S
23}

)

[&Feta e ni(Fig. 1), 98, &% % WA&e] 542 Table 13} L.
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2.2, A

221 WekEn)A 9 FARAEE B

Ho) A3 FAIARR S 59 olnald BAS Belm, oiole] Fefad 7l AES SIhA slock Wt
V2 RS G S, A RS S SITE T 103 A0 el A Ak ol
YF4] nfo] 3 & E(sliding microtome)g ©]-8-5}] 15~20 tm F
o] MB}T oS A]E]2(50%, 0%, 90%, 95%, 99%)2 Bt %, o
o= sl

AT B A A tlolAREO R AET HUE AL ALY AUE gold TH 5, AT
Z(SEMCOX EM-30, COXEM, 20kV)°. & #z35}eith

ﬁi
S,
0
o
\m 2
il
)
i)
_O|L
s
ofg it
-LJ
;
Q
g8
oy
%’
< |

222, 44 dol, BHas 47 9 BARA A 1E 24

240 7Zlo] 24S QF) oA EE $uBE g 5dF HEo R ZA TS LESke], do] oF 1 cm9) sliverE
Azt 5 TAsRL0L OMEAR 112 B0 60°C SR el SR, olF 2RAE AFg 7, g
(Methylene blue)2 @A435}1l, DeltaPix (version 5.3.11) X2 13-& o]-8alo] AFH, Z-THA| ol A 217} 30704 S ijolé
24tk

ERR D AR AT Gz uRtES olgsto] SoHlEe] FHH e dEUE 2UARE 2
A48 o7 SR DA, AR e w1 AR 24D 7 108 T
7t Ago ARl 30719 =] 5 SAT §, BARALE 2ot BH £5 FAsto] vlES Atsiith

F=1

= s L . 5 1o _1'_

ek AYE, DA 9 AR oA BE(10~ 50)93 Oﬂﬂi EMH of BFARZAAVL 35 WEEIY, 5T TARES 4094
o} 509A] AFoA = AZA | l H E} AZA|A7F W) Yehuhs 243 2ok Z9E, TS 9 A9 10~30H4
2o A EfARA| A0 B LS 717} 433, 33.3, 21.1%0] 1, 40~50H%] o Zo| A 784, 70.0, 11.7%2] B BTt

(Fig. 6). o]« Fsrdu]7d Zate} ‘n‘*l‘ﬂ' 7A%E Btk

FARAEN 3 A3, FEET TAHES 309K dE 2 50HA AEolA E3 Wil FARAIZE BEE QI cH(Fig.
3). FUREFY £ F shuel BrYEA Atylosis)= MZ29] w3 9 AAs7E B o, 94 ol g8l Eae] AHT
LAzt BEEo] Yo R AnESe] B M A7|e Aoz d#A 9thKwon and Kim, 2005; De Micco ef al,
2017). Kuroda (2001)-> JHFAIS2H Y] HA 919 542 WEstol, Raffaella sp. O] FEL} HATE WA 9071 U2|siH,
L0 7)5& AT HAlskG AL, Martineb er al. (2005)= ol 2J8) TS Bh Aol Eat Yjof ARA7E TaE ¢
ohal Harskglet webd, FURAESY BYeE FE 4R 1 Roi 30 B 4094 WAR Ao JEs 2ihs
AT 28] o5 B Aoz A

Table 2= 71, TAME 9 AR AZUHEe] BAS AolE ZuE FHale] 24T Axfolth. 2% B B4
L Bt mARRo) 27t 120 mm, 124 mm AR g BN, 2 130 mmz v Age E3F wA
it BAS LoloIAE 2GR 1AHEo] 217} 128 mm, 131 mm v}E g WYL, 244 136 mm th: 29k

2

5
—Y‘-‘—{E EN

[eRUN

4915, 24 5 2 2 SUAA AR 4ol ik S84 2o S7hoke 48 nela 20-30 Agel b
SIEkFig. 4). BH% Zole] Wolol utetd] vk B4HE FESGS 1), oF 20~3098 toleku YZiELE. 2R
24 BAG ol 259 AES 71202 t4A) 117 mm, A4 131 mme] Bk tehgon], i B4 dol

U]sA] 122 mm, <A 1.39 mme] FatghE Boirh. Eom (2015)2 =it Alduro] S4df dolzt gt 981.4 m,
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Comparison of Anatomical Characteristics for Wood Damaged by Oak Wilt and Sound Wood from Quercus mongolica

733~1,323 m Y2 BIUSIH o= B A Ao} ALY 3HH, Q. acutissima, Q. dealbata, Q. fenestrata, Q.
lanceofolia X Q. semiserrata = Z+Z} 1,199.36 (m, 1,439.37 m, 1,479.38 (m, 1,509.75 m % 1,389.0 tm (Sharma et al,
2011), Q. Suber+=1.15 mm (Sousa et al, 2009)Z HUF2(Quercus spp.)2] EA4-3 Zo|7} HilE il glom, B o9
B9 Zloje} 2 Zpo]7} ¢lolth. IAWA Committe (1989)%= 2H2A1o] BAS Zo]Z < 900 m, 900-1,600 /m, = 1,600
m= TEST, B AT BAE Qoll 900~1,600 me] A5

3.13 B304 A 9 gUda A HE

Table 2= 713, TALE @ AAZY AZUES] 23had 24 9 gARAIA 8-S 2uR FRslo] 2431 Aujolr}.
27 EBa 40 B AH WAL TAHZO] 234.4 mE 7P RS vl ZFIE 2494 imz 7P 7T, Bk WA AL
AAAN7L 278.8 mE 7P Zgrow], 7HEEo] 299.6 e 71 Ak WA ERa A P FA 2ALS AAATL 27.7 mE
|

TV RS W, 305 mE 3aksol b 710w, B WAk A4S AWAE 353 me AV A9k, Bl 385 me

[¢] =

Vg Ak 2w SRS 43S A A70] YA A7uT} o 2 et 4B wEes 338 198, 14
9 AR B R G 270] 109804 1Y e e BT, AFol Z/4Re] tie 270 FoleE ATE
B 9rkFig. 5). Fom (2015)8 ZUjAF AN mha 4 HA 70| Wt 2240 m, 163~286 /m ¥ 9et1 ¥ 15100,
Kim et al. (2002)> Wik AZEo] HAol A 24 2 v =k A 272 242 2452 mdl 34.0 ym 2fal Hasjod,
B 2ale} SApRISich L 9lol Rk (Quercus spp)el o) 178 B, Souwsa e al, (2009)& Q. suber ©] R
A 2742 133 im R3S ™, Han ef al. (2015)2 Quercus rubra ) =34 24 9 b A 2174S 242 122
m 2 18 meka B skt A7) A S E 7o) meas 27 Heh 4L g tehych IAWA Commitie (1989
w4 HA AAS < 50 g, 50-100 m, 100200 m, = 200 me B2, B A0 wra s FA AAL > 200
moll Sealolc. #30) T EpkRs H70] o], Lee er al. 2009)2 FUH VIR R 49| H7o] FAWA 27
RE 20| Z7lo] ue} YA Z7boRs AT BT HIetE00, Leal er al. (2007)E Quercus suber L. E2h] HpApe
Hold& APk, =3 WA A7+ $250] S7ietel whet kel Ruskgi)

HARAAS e 24 mo] Bat u8S Aol oF ST3%E A wkol, AWAL oF 17.3%2 71 Wi,
E3 v F9l2 weEs 10974 AERE 30HA ARelA s, AN 2 AR <02 BYRA|AY HEo] Afo]7}
AL, TEET TARES A 5919l 40 B 50WA AFolA BYRA ALY Hgo] oAl Aol wAEIKFig. 6).
whebA], BFURAIAY] &2 HA R FE Zfo]7} QI o] ZAME AT 7 BURA A9 A4 5ol Zpo|7} qlrkar
A2k, Ak 90] Gelo] B 4 U Aolet weE

il

42
A S AURASSO] Y AL doE 2 wAE AU s 5 vlu-Lasklt 74
W DAY Feuol A BARALTE WS BRI, 30~504A ARNHE A FES & 5 Gk AL B
oh BAS 2ol W EURA A RS 3 2 Mol Holx) gskon], BAS Aol vl 1912 20~30 AR
F7BHEL7 ol A4A R4 PPBtEl HS Hath BARNAS EYIF 24 B8 B wL ARl g
AN

webd, AN e Rat AR AU 040 H4A) S9jol4) BlAl o) v g Xjol7} gl
SRelE|glek. ol gt Bl AL H]%0] Apoliz 80| o5 Bot HUFASEY HaBo] 24 3 WAjo] G |3
Ao FAETh 35, 1A 2490 A77h WekE ARE AXstel, B 24 vkl Wt Bl Way How
Az
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